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Multiple flat wart-like lesions of a renal allograft re-
cipient were shown to contain HPV 3 or a serologically 
crossreacting virus by indirect immunofluorescence 
Mth monospecific animal antisera against HPV [1-5]. 
The patient's serum revealed virus specific antibodies 
(inl.munofluorescence titer 1/80). Papillomaviruses were 
isolated and after in vitro iodination 3 major proteins 
(MW 70.000, 56.000 and 43.000) were detected by SDS 
polyacrylamide gel electrophoresis. DNA was extracted 
from the warts and cleaved with the restriction endo-
nuclease Hae m. Distinct bands were discernible within 
the background of cellular DNA and these fragments 
were identified as papillomavirus DNA by blot hybridi-
zation with 32P-Iabeled viral DNA. 
Different clinical types of human warts seem to be associated 
with dis tinct types of human papillomaviruses [1,2]. It would 
be most interesting to know whether the occasional malignant 
con version of warts (for review, see refer ence 3) correlates with 
specific virus types. Preliminary da ta s uggest for example tha t 
those warts, which are induced by one of the 2 papilloma virus 
types associat~d with e pidermodysplasia verruciformis (EV) 
have an especially high risk of malignant conversion [4]. 
Renal allogra ft pa tients show a high incidence of warts after 
more than 1 yr of immunosuppression [5]. Similar to EV 
patie nts most of the warts belong to the verruca plana type and 
t h e ir histological appearance is quite similar to EV lesions [6]. 
Occasional malignant convers ion of warts has also been ob-
served in this patient group [7]. Therefore the study of immu-
n osuppressed patients may provide additional data on the 
possible correlat ion between virus type and oncogenicity. 
In this paper w e describe a papilloma virus from d isseminate d 
flat warts of a renal allograft recipient. The DNA is character-
ized by restriction enzyme analysis and the protein pattern was 
revealed after in vitro iodina tion. The virus is compared to 
known isola tes by serological procedures. The nomenclature of 
papilloma viruses follows the recommendations of the confer-
e n ce on papillomaviruses a nd cancer at Mobile, Alabama [8]. 
MATERIALS AND METHODS 
Viru s Purification 
Warts were minced, ground in a mortar and suspended in a 0.05 M 
phosphate buffer (pH 7.4) containing 0.05 M NaCI and 0.01 M EDTA. 
Virus particles were purified by di fferential centrifugation, followed by 
CsC1 d ensity gradient centrifugation. 
Isolation of Proteins and DNA 
V irus capsids were lysed by 1% SDS and the proteins were precipi-
tated after addition of CsCI by low-speed centrifugation [9]. The DNA 
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containing supernatant was dialyzed against Tris-EDTA buffer (pH 
7.6) with 0.2 M ammonium acetate and the DNA was precipitated by 
ethanol. 
In a second approach, DNA was purified from warts. The ground 
biopsies were treated with 1% SDS, and with Proteinase K and the 
nucleic acids were extracted by 3 consecutive phenol treatments [10]. 
Afte r dialysis, RNA was digested by ribonuclease and after another 
phenol extraction, followed by dialysis, the DNA was subjected to CsCI-
ethidiumbromide equilibrium centrifugation [11]. S ix fractions in the 
density range of 1.60 gm/cm" were tested separately for the presence of 
covalently closed circular DNA by electrophoresis on 1% agarose gels. 
The gels were stained with ethidium bromide (2 J1g/ ml) . DNA bands 
were visualized by means of 366 nm UV-light and those bands, wh ich 
co-migrated wi th HPV 1 component 1 DNA, were cut fro m the ge l. 
The DNA was re- isola ted by electrophoretic elution into malachi t 
green polyacrylamide columns [12], followed by column elution with 1 
M NaCI04 • The DNA was desalted by Sephadex G 50 fi ne chromatog-
raphy and lyophilized. Six CsCI-ethidium bromide gradient frac tions in 
the density range of 1.55 g/cm" were pooled, dialyzed, and precipitated . 
This DNA was used for restriction enzyme analysis. 
Iodination of Proteins and S DS Gel Electrophoresis 
The precipita ted viral protein (see above) was dissolved in wate r and 
dialyzed against 0.1 M phosphate buffer (pH 7.8). The solu t ion was 
concentrated to 250 J1l by vacuum dialysis against the same buffer and 
the proteins were iodinated by the chloramin T method [1 3]. T o remove 
free iodine, the solution was dialyzed against phosphate buffered saline 
and an aliquot was subjected to electrophoresis on a 12% polyacryl-
amide gel, using a SDS containing buffer system essentially as described 
before [9]. HPV I proteins, which were iodinated in the same way, 
served as marker proteins as well as unlabeled bovine serum albumin, 
ovalbumin, lactoglobulin and cytochrome C. Proteins were stained with 
a 0.25% solut ion of Coomassie brilliant blue G-250 as presented earlier 
[9]. Labeled protein bands were revealed by radioautography using 
Kodak X-om at XR-5 x-ray ·fUm. 
Labeling of Isolated DNA 
About 100 ng of DNA were labeled by reacting it with DNA poly-
merase T after introduction of single stranded breaks with DNase I 
[14]. Reactions were carried out a t 14 °C for 5 hr at the following final 
concentrations: 50 mM Tris (pH 7.5), 5 mM MgCb, 0,075 mM dATP, 
dGTP, dCTP, each, 0.2 J1M a -"'P-Iabeled dTTP (2000 Ci/mmole), 0.5 
ng/ml DNase 1, and 6 flg/ mJ DNA polymerase I. The reaction was 
terminated by addit ion of EDT A at a final concentration of 25 mM and 
by phenol extraction. The aqueous phase was passed through a Seph-
adex G 50 column to purify the labeled DNA. The resul ting probe 
exhibited a specific radioactivity of about 2 x 10' cpm/ ).Ig DNA. 
R estriction Enzyme Analysis and DNA Electrophoresis 
The restriction endonuclease Hae III was purchased from Miles Co. 
T en /lg of cellular DNA or 100 ng of viral DNA were incubated at 37°C 
for 3 hr with 6 or 2 enzyme units, respectively. The reaction was 
stopped by addit ion of an equal volume of electrophoresis sample buffer 
(5 mM Tris, pH 8.1, 0.5 mM EDT A, 20% sucrose, 0.05% SDS, 0.06% 
bromophenol blue) and the mixture was applied to 2% agarose gels. 
Electrophoresis was carried out as described previously [15]. 
Detection of Papilloma Virus Sequences in Ag arose Gels 
DNA was transferred from agarose gels to nitrocellulose strips as 
described by Southern [16]. After alkali denaturation and neutralization 
the gel was pu t into 6 x SSC (I x SSC : 0.15 M NaCI, 15 mM sodium 
citrate ) for several minutes and finally placed onto fti ters soaked with 
6 X SSC and covered with a sheet of nitrocellulose (HAWP, Millipore 
Corp. , Mass. ). Dry fil te rs were layered under wet sheets to remove fluid 
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from the gel. The whole pile was covered with a polyethylene mask 
and pressed with a 1 liter bottle. The nitrocellulose was baked at 80°C 
for 3 hr and then preincubated with 50 Ilg/ml calf thymus DNA and 20 
Ilg/ ml yeast RNA in 50% formamide, 3 X sse, 0.5% SDS, and 0.02% 
Denhardt solution for 5 hr at 46°C. For hybridization, ""P-Iabeled viral 
DNA (2 x 10' cpm) was denatured by boiling for 15 min and was 
incubated with the filter in 50% formam ide, 3 X sse 0.5% SDS and 
0.02% Denhardt solution at 42 °C for 5 days. The ftIter was washed in 
2 X sse (half an hour at room temperature), 6 X sse with 0.5% SDS 
(at 68°C, for 24 hr) , and 3 times in 2 X sse. After air drying, filters 
were rad ioautographed using Kodak X-omat XR-5 x-ray film. 
Elect.ron microscopy: Virus particles were negatively stained as 
described earlier [17]. Preparation of wart viral DNA followed the 
protocol by Gissmann and zur Hausen [15]. Immune electron micros-
copy was performed according to Almeida and Goffe [18]. 
Immunofluorescence 
Biopsies of warts and normal cutis were snap frozen in liquid nitrogen 
and stored at -70°C. Portions of frozen warts were transferred to a 
cryo-cut microtome at -20°C and a set of 4-llm thick frozen sections 
was prepared from each specimen. The sections were a ir-dried at room 
temperature for 15 min, fixed in acetone at -20°C for 6 min, air-dried 
for another 15 min and stored at -20°C until use within 7 days. 
The preparation of monospecific rabbit antisera to HPV 1 and HPV 
4 was presented earlier [9]. Antisera from guinea pigs against HPV 2, 
HPV 3 and HPV 5 were kindly provided by G. Orth. The sera were 
assayed on wart sections by an indirect immunofluorescence test. They 
were incubated for 60 min at 37°C at a dilution of 1:10. After washing 
fluorescein labeled conjugates (goat anti.l'abbit, rabbit antiguinea pig, 
rabbit anti-human IgG, aLI from Behring Co., Marburg, F.R.G.; char-
acteristics of conj ugates: protein concentration 10 ± 3 mg/ ml, molar F / 
P quotient 2.5 ± 1.5) were added at a dilution of 1:40 and incubated for 
another 60 min at 37°C. The preparations were examined and photo-
graphed with a Zeiss Photomicroscope Orthoplan. 
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RESULTS 
1. Clinical Picture and Histology 
Wart biopsies were taken from patient E. S., a 19-yr-old farm 
girl, who underwent renal transplantation 5 yr ago because of 
chronic glomerulonephritis. Twelve months after onset of im-
munosuppressive therapy (azathioprine and prednisone) the 
patient had developed numerous nonregressing verrucous le-
sions on the dorsa of the hands and fingers (Fig la), extensor 
surfaces of the forearms and shanks as well as in the perioral 
region . Examination revealed a polymorphous picture of exten-
sive flat wart-like lesions (Fig Ib) of reddish color, characterized 
by various size, irregular shape and different degrees of hyper-
keratosis. Warty lesions of the dorsum of the hands and fore-
arms were processed for conventional paraffin histology. They 
showed a high degree of acanthosis and numerous nuclear 
basophilic inclusion bodies in both, granular and spinocellular 
layer. The rete ridges were irregular and plumpy, the prefer-
entially orthokeratotic stratum corneum appeared in a basket-
weave pattern. The histologic features included spinous cells 
with hyperchromatic round nuclei placed in the center of ex-
tremely marked perinuclear vacuoles (Fig lc). The basal cell-
layer appeared without pathological alteration. The underlying 
dermis was free of any inflammatory inftltrate but showed 
endothelial edema and endothelial proliferation in various de-
grees. 
The examination of a crude extract from this patient's warts 
in the electron microscope revealed typical papilloma viruses 
with a diameter of 55 nm. 
Serological Characterization 
Frozen sections of warts from E.S. were assayed with serum 
of the same patient in an indirect immunofluorescence test and 
FIG 1. Flat wart-like lesions on the dorsum of the hand of patient E.S. (A and B). (C) Keratinocytes of the stratum spinosum with 
hyperchromatic nuclei in the center of perinuclear vacuoles. 
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revealed a nuclear fluorescence up to a serum dilution of 1/ 80. 
The positive reaction is probably due to the presence of anti-
bodies against viral capsid antigens, which was conftrmed by 
agglutination of purified virus particles with the patient's serum 
at a dilution of 1/10. Her warts were further analyzed with 
monospecific animal antisera raised against viral capsid anti-
gens of HPV 1-5, respectively. Only anti-HPV 3 antiserum 
gave a brilliant nuclear fluorescence (Fig 2a) . This indicates 
that the warts were induced by HPV 3 or at least by a closely 
related serologically crossreacting virus. The available data on 
HPV 3 do not permit a more detailed typing. In order to 
characterize the virus furthermore, proteins and DNA of E.S. 
virus were analyzed. 
Characterization of the virus 
The virus from E. S. proved to be rather labile when stored 
at 4°C and purification by CsCI density gradient centrifugation 
led to a considerable loss. DNA containing particles were re-
covered at a density of 1.347 gm/cma. The DNA was isolated 
and mixed with phage PM2 DNA (molecular weight 6.2 X 106 ) 
as an internal standard for length measurement in the electron 
microscope (Fig 3). By evaluation of 26 molecules, the DNA 
was fo und to have a molecular weight of 5.1 x 106 ± 4.3%. The 
capsid proteins were iodinated and analyzed by SDS polyacryl-
amide gel electrophoresis (Fig 4). Three major proteins could 
be distinguished with apparent molecular weights of 70.000, 
56.000 and 43.000 as well as a minor component with molecular 
weight of 26.000. 
Characterization of nucleic acid from wart material 
The amount of DNA, which was prepared from purified 
virus, was too low to perform any further analysis. Therefore, 
we stru·ted to isolate covalently closed circular (CCC) papillo-
mavirus DNA directly from wart material by phenol extraction 
and CsCI ethidium bromide density gradient centrifugation. In 
this gradient, CCC DNA floats at a density of 1.60 gm/ cm:'. 
Corresponding fractions were assayed by electrophoresis, which 
revealed two DNA bands. The lower one co-migrated with 
HPV I-component 1 DNA and most probably represents pap-
illomavirus DNA, The band was cut from the gel, and the DNA 
was eluted and labeled in vitro with a2p . 
DNA from the density range of 1.55 g/ cm:1 consists of cellular 
DNA as well as open circular and linear viral DNA. This DNA 
was cleaved with restriction endonuclease Hae III and the 
fragme nts were separated by electrophoresis on 2% agarose 
gels, In spite of the background of cellular DNA, distinct bands 
were clearly discernible after staining with ethidium bromide 
(Fig 5b), The molecular weights of these DNA fragments were 
determined by coelectrophoresis with Hae III fragments of 
HPV 1 DNA (Fig 5a). The data are listed in the Table. 
In order to elucidate further the origin of the distinct bands, 
the DNA was blotted onto nitrocellulose ftlters and hybridized 
with in vitro labeled E. S. component 1 DNA. There was a 
slight drift of some DNA bands due to technical problems. 
Nevertheless strong hybridization was clearly correlated with 
all bands, which were visible after ethidium bromide staining. 
Two additional (submolar) bands were observed after autora-
diography, which correspond to DNA with a higher molecular 
weight (1.99 and 1.38 x 106, respectively) (Fig 5c). 
DISCUSSION 
Flat wart-like lesions of an immunosuppressed renal allograft 
recipient were shown to be induced by HPV 3 or a closely 
F IG 2. Serological characterization of warts from E.S. by the indirect 
immunofluorescence technique. Frozen sections were incubated with 
anti-HPV 3 (Al , anti-HPV 4 (Bl, and ant i-HPV 5 (Cl antiserum, 
respectively, followed by incubation with fluorescein labeled antiguinea 
pig (A , Cl or antira bbit (Bl antiserum, 
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FIG 3. Mixed preparation of DNA of virus from E.S. and of bacte-
riophage PM 2 DNA. T he inset shows 2 ES virus particles. 
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FIG 4. Protein pattern of E.S. virus (solid line) and of HPV 1 
(dotted line) as revealed after in vitro iodination. The proteins were 
separated by SDS polyacrylamide gel electrophoresis, the stained gel 
was exposed to x-ray fIlm and the fUm was scanned with a Gilford 
densitometer. Full arrow heads point to the 3 major protein compo-
nents of E.S. virus and the open arrow head marks protein 3 of HPV 
1 [9]. 
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related virus. This supports the preferential association of flat 
warts with HPV 3 [2). After virus iodination in vitro a protein 
pattern was revealed, which differs clearly from that reported 
for HPV 1, HPV 4 [9], and HPV 2 [19,20). The molecular 
weight of the second major protein agrees with a value de-
scribed for t he main HPV 3 protein [2). 
The low yields of purified virus enforced an indirect approach 
to characterize its nucleic acid . Covalently closed, circular DNA 
with a molecular weight of 5 x lOB was isolated from the warts. 
The probe was labeled radioactively and used to identify COf-
responding DNA in a blot of cleaved total wart DNA. The 
results require cautious interpretation, since the restriction 
enzyme pattern may be obscured by partial integration of t h e 
papilloma virus DNA into the human genome, which could lead 
to fragments consisting of viral and cellular DNA. The existence 
of a considerable amount of integrated DNA besides noninte-
grated DNA should lead to submolar fragments, however, 
which were not detected in the ethidium bromide stained 
cleavage pattern of E.8. wart DNA. Two submolar bands, were 
revealed by radioautography and may be due to integration Of 
to partial cleavage of the DNA. The Hae III cleavage pattern 
of E.S. virus differs markedly from those of HPV 1, HPV 4, 
[9], and HPV 2 (Pfister, unpublished) . The difference between 
A 
B 
c 
D,E 
FG , 
H 
A B c 
FIG 5. Hae III restriction endonuclease cleavage pattern of E.S. 
wart DNA (B) as compared to that of HPV 1 DNA (A). HPV 1 DNA 
fragments are labe led according to Gissmann et a l [9]. The distinct 
bands of E.S. wart DNA are labeled a lphabetically according to their 
molecular weight. (e) shows the Southern blot of E.S. virus. Arrow 
heads poin t to submolar DNA fragments. 
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Mo lecular weights (MW x JO- I ~ of Hae III fragments of E. S. wart 
v i r us DNA in comparison to the major fragments of HP VI and 4 
E. S. vi rus HPV I H PV 4 
U O 
0.70 
0.37 
0.35 
0.32 
0.27 
0.27 
0.24 
0.22 
3.84 
1.70 
0.90 
0.50 
0.36 
0.36 
0.32 
0.29 
0.21 
4.64 
2.70 
0.97 
0.42 
0.34 
0.32 
4.75 
t h e s um of the molecular weights of the DNA fragments and 
t h e t otal molecular weight is probably due to very small frag-
men ts, which are not detectable by this method. The rela tive 
amount of papilloma virus DNA within total wart DNA was 
surprisingly high, especially in the second set of biopsies, when 
recurrent lesions were removed 2 mo after the fIrst operation. 
Furth ermore, the patient revealed a fau'ly high antibody t iter 
of 1:80 in an indirect immunofluorescence test , which may 
indicate that she was exposed to a rather high dose of virus 
antigen. It is of special interest in this patient that the presence 
of I gG antibodies neither enhanced wal·t regression nor pro-
tected against the development of new HPV 3 induced war ts. 
Large scale investigations are needed in order to decide 
wh eth er the immunosuppressed status especially favors the 
clinical manifestation of HPV 3-induced warts. It should be 
pointed out that longtime immunosuppression increases the 
risk o f acquiring squamous cell carcinomas substantially [21). 
If H PV 3 proves to be a prevalent virus in immunosuppressed 
patie n ts, it seems to be important to analyze malignant tumors 
of s u c h patients by nucleic acid hybridization for t he presence 
of HPV 3 DNA. 
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